In the preceding paper (1) we reported a number of experiments which showed that the excretory function of the kidneys is definitely impaired during the intoxication of intestinal obstruction. Since most of the animals employed in that study died late during the night, the maximum degree of impairment was not always ascertained by the tests made on the previous day. This fact together with a number of other considerations made it highly desirable that the study should be continued under somewhat different conditions in which the reaction could be better controlled.
It has been shown (2-6) that the intravenous injection of the toxic proteose material isolated from the contents of the obstructed small intestine produces symptoms closely resembling, if not identical with, those characterizing the intoxication of acute ileus. Therefore, we decided to employ this more simple method of inducing the intoxication for a supplementary study of the renal function. In this way the time and the intensity of the reaction can be regulated at will for various experiments. Such a study should at the same time supply further evidence for or against the contention that the intoxication of acute intestinal obstruction is a proteose intoxication as has been suggested by Whipple, Stone, and Bernheim (2-5) and Whipple, Rodenbaugb, and Kilgore (6) .
It has already been satisfactorily determined that no anatomical lesion of the "kidneys is produced by the parenteral injection of the toxic proteose material. No histological alterations have ever been observed in the kidneys of normal dogs given fatal doses in this laboratory. In the anatomical laboratory of this University, furthermore, rats were stained intra vita~n with Niagara blue, a relatively non-toxic vital dye, after having received intraperitoneally a series of large sublethal doses of toxic proteose. Although every grade of intoxication was produced in these animals, no definite changes in the structure of the kidneys that could be associated with the intoxication were demonstrated even by this delicate method of detecting cell injury, t However, this does not necessarily mean that there may not have been even a profound temporary impairment of renal 1McQuarrie, I., unpublished experiments. 421 function, since it was shown in the preceding paper that a definite impairment exists during the intoxication of intestinal obstruction in spite of the absence of anatomically demonstrable changes in the kidney. The rapid rise in the non-protein nitrogen of the blood often to a very high level, observed (7) to follow the injection of toxic proteose in a fasting animal suggests inefficient activity on the part of the kidneys or unusually rapid destruction of body protein. That there is a greatly increased protein catabolism has been satisfactorily demonstrated by experiments (8) which showed a marked increase in the total urinary nitrogen excretion to follow the injection of a large dose of toxic proteose. A curious fact about this increase in total urinary nitrogen is that the apex of the curve of excretion occurs almost invariably during the second 24 hours after the injection of the poison, while the blood non-protein nitrogen reaches its maximum level on the 1st day shortly after the clinical signs of intoxication are most manifest. No entirely satisfactory explanation for this peculiar delay has been offered, although it suggests either a partial delay in the process of tissue disintegration or a transient impairment of kidney function.
Methods.
Dogs, chiefly females, were used here as in the previous experiments because they react characteristically to proteose intoxication and are easily bled and catheterized. Only healthy young adult animals were selected after renal function tests showed them to possess normal kidneys.
The various methods employed for measuring the kidney function in the experiments described in the preceding communication were applied in the present work also; namely, (1) that of determining the urea-excreting power of the kidneys; (2) that of determining the rate of excretion of injected sodium chloride; (3) the phenolsulfonephthalein elimination method of Rowntree and Geraghty (9, 10) .
The last two methods were employed here in exactly the same manner as in the previous work. The first method, that of measuring the urea-excreting capacity of the kidneys, was modified somewhat in the experiments to be described here. In addition to detc_~-rnining the ratio Urea in 1 hr.'s urine Urea in 100 cc. of blood after the injection of urea intravenously, we determined it without the urea administration in a number of instances. In still other cases the rate of excretion of injected urea over a 5 hour period was determined before and again after the injection of the toxic proteose preparation without reference to the blood urea. Wherever the ratio was determined, the blood sample was taken as nearly in the middle of the hour as possible.
The data obtained on each dog with regard to the renal function at the time of selection serve as a control for the later experiments on that particular animal, since the same general conditions obtained in both periods.
After this preliminary examination the dog was given a dose of the toxic material isolated from the contents of an obstructed intestine. From 1 to ~ hours after this injection the different renal function tests were applied as in the control period.
The poisonous material used in this study for producing the intoxication is isolated from the contents of the experimentally obstructed intestine of the dog and from human autopsy material in the following manner. The crude semifluid product is centrifugalized at high speed until all the coarser particles have been thrown to the bottom of the tube. The toxic fraction is then precipitated from the supernatant fluid by the addition of five volumes of 95 per cent alcohol. The flocculent alcoholic precipitate is separated by centrifugalization from the alcoholic mixture, after which it is redis, solved in a volume of distilled water equal to three times that of the original obstruction fluid material. This solution which always contains a considerable quantity of albuminous material is made faintly " acid with acetic acid and brought to the boiling point in a water bath. The precil~itated proteins are filtered off, leaving a clear, slightly opalescent solution containing the toxic proteoses.
As has been pointed out elsewhere by Whipple and Van Slyke (11), the chemistry of the proteose group of substances is not at all clearly understood and what is spoken of in the present paper as a "proteose solution" is simply an aqueous solution of the alcoholic precipitate obtained in the manner described above, from which the albuminous material has been removed. Nevertheless, the unusual substance or group of substances isolated in this way from the mixture contained in the lumen of the obstructed small intestine gives the symptom complex characteristic of acute obstruction when injected intravenously in the dog and, therefore, serves our present purposes very well.
A few other proteoses from various sources have also been used to supplement the experiments performed with the poisonous material already described. The object of including them in the present study was to ascertain to what extent the impairment of renal function is a property of all proteoses or to see if any other proteoses behave in this way.
Proteoses were obtained from the following sources: (1) commercial Witte's "Peptone," which consists chiefly of proteoses; (2) pepsin digest of liver (Martin's broth); (3) pepsin digest of sterile muscle tissue; (4) pepsin digest of muscle tissue accidentally contaminated with proteolyfic bacteria, some of which were found to be anaerobes; (5) sterile muscle tissue digested by three different types of proteolyric anaerobic bacteria separately in pure culture. The three organisms used for the last digestion method were Bacillus histolyticus, Bacillus sporogenes, and Bacillus bifermentans. ~ Material from each of the several protein digests was injected from time to time at different stages of the digestion, beginning on the 1st day in nearly all cases and continuing as long as 3 weeks in some. Chemical tests for determining the approximate yield of proteoses were made from time to time. In all cases the supernatant fluid from the digests was first filtered to remove larger particles. The filtrate was then heated for 20 minutes over a boiling water bath for sterilization and iagain filtered before it was injected. In the only case in which marked symptoms of intoxication were produced by this preliminary injection, namely that of the digest accidentally contaminated with proteolytic bacteria, the toxic mixture was treated in a manner exactly like that described above for the isolation of the toxic proteose from intestinal obstruction material.
From 1½ to 3 hours after the injection of the proteose preparation in each instance, the blood urea was determined and the phenolsulfonephthalein elimination test was performed.
These three organisms were suggested to us by Dr. K. F. Meyer and furnished in pure culture by Mrs. H. H. HeUer.
In the experiments which follow, the same general methods of administering test substances, of collecting blood and urine samples, and of quanfitating the urea, chlorides, and phthalein were used as those described in the preceding communication with a few minor differences. For example, in one short series of experiments the dye was given intravenously and in another set subcutaneously instead of intramuscularly. It was thought that the use of a variety of routes for the dye might afford some evidence regarding the part played by absorption in the failure of the intoxicated animal to eliminate it promptly.
In order better to control the extrarenal factor of loss of fluid from the blood to the tissues and to the alimentary tract during the period of intoxication, comparatively large amounts of fluid were given either by stomach tube when vomiting was slight or intravenously when the animal vomited frequently. Isotonic saline or glucose solution and in a few cases acacia solution were employed for this purpose and in every instance more fluid was given during the period of intoxication than during the corresponding control period.
EXPER]IMEI~TAL OBSERVATIONS.
In most of the following tables several like experiments have been grouped together ill the same table in order that they may be easily compared and allow a saving of space. It will be observed, too, that the various grades of intoxication produced are spoken of as "slight," "mild," "moderate," and "intense." There is no very well defined line of demarkation between these, but by a "slight" intoxication is meant a definite, though transient febrile reaction, nausea with a slight amount of vomiting of mucus which is not necessarily bile-stained, usually a slight amount of tenesmus without definite diarrhea, and always a slight dullness. A "mild" intoxication is a somewhat more noticeable upset in which the rectal temperature may reach 40°C. and there is occasional vomiting of foamy, stringy, usually bile-stained mucus some time during the first 2 hours with more marked tenesmus and a soft or semifluid stool and more definite dullness. By a "moderate" grade of intoxication is meant a reaction still more marked in which the temperature may rise above 41°C. and remain above normal for a number of hours; the blood pressure falls slightly below normal; there is intermittent vomiting of .bilestained mucus over several hours and frequent passage of small, soft and then semifluid stools, and considerable tenesmus. The animal appears dull and somewhat weak for a number of hours and often remains slightly dull even on the following day. An "intense" reaction following the injection of a lethal or slightly sublethal dose of the toxic substance is usually one in which there is frequent vomiting over the first few hours and diarrhea usually lasting longer, lowering of blood pressure, an early rise in temperature far above the normal with a later fall to a subnormal level. As the intestines are emptied the character of the excreta changes from the hard normal stool to a soft and finally a semifluid consistency. When a large portion of this has been evacuated, flakes or casts of mucus and epithelium from the intestinal mucosa begin to appear. Following this there is often found a small amount of clear, watery mucus which in the fatal cases is usually blood-stained. At this stage the body temperature may be considerably below normal and the sphincter ani is relaxed, allowing the watery excreta to ooze out slowly. The animal may show great prostration just before this final collapse or may die in convulsionS. While this is the usual picture when the intoxication is prolonged, a large dose of the poison may cause death within an hour or two with little or no vomiting or diarrhea. In the more severe grades of intoxication there is nearly always a rapid rise in the non-protein nitrogen of the blood which runs parallel in a general way with the intensity of the intoxication. Table I represents four short eiperiments in which the rate of excretion of injected urea was determined before and again after the injection "of a sublethal dose of toxic proteose from a human autopsy which produced in each case a moderate grade of intoxication. The dye was injected subcutaneously at the same time that the urea was given intravenously.
These experiments Uniformly show a moderate decrease in the amount of both urea and phthalein eliminated after the proteose injection. With the dye it will be noted that the 1st hour excretion suffers proportionately a decidedly greater decrease below the normal than the 2nd hour. This is doubtless due in part to the greater relative concentration of dye in the blood stream during the 2nd hour in the case of the intoxication period, but it may be due in part also to slower absorption of the dye under these circumstances.
Although not given in Table I the volume of urine excreted during some of the later hours of the period of intoxication was occasionally slightly greater than that of the corresponding hours of the control period, due perhaps, in some cases at least , to the increased amount of water taken by the dog after the most acute stage of the intoxication had passed. Yet, there is in these instances, also, a considerable decrease in the amount of urea excreted, which seems to show that extrarenal factors, such as a lessened availability of water to be secreted, alone are not responsible for the failure of the animal to eliminate the normal quantity of administered urea during the intoxication. Microscopic Examination.'--Shows nothing except congestion of all the viscera including the kidneys. Table II shows the effect of various grades of proteose intoxications upon the ratio: Urea in 1 hr.'s urine Urea in 100 cc. of blood when no urea is administered and upon the elimination of phenolsulfonephthalein.
Dog 18-2 (
It will be seen from these experiments that there is a lowering of the urea ratio and an almost parallel reduction in the amount of dye eliminated, both of which correspond with the grade of intoxication. Although in the cases of less intense intoxication the absolute amount of urea excreted per hour is slightly increased as the blood urea rises, the increase does not keep pace with this rise and consequently the ratio falls. ,This indicates a deficiency in the response of the kidney to even a small load. As will be seen in the control periods of some of the following experiments (Tables nI and IV) , the normal kidney responds to an increase in the blood urea by producing a rise in the ratio and never a fall, as in this case. Dog 18-2 with an intense grade of intoxication shows even a decrease in the quantity of urea excreted per hour although the blood urea has increased to 100 per cent above its normal value in a fasting dog. The ratio has decreased from one-fifth to one-third of its value before the proteose injec$ion. The amount of dye eliminated in this 3 hour period was too small for accurate estimation by the colori-metric method. There was marked oliguria in spite of the fact that a large quantity of fluid was given intravenously and by mouth.
It will be noted that, although the dye was given intravenously in the majority of the experiments shown in the table, the percentage eliminated was decreased in these as in other cases and that the decrease corresponded with the grade of intoxication. This observation proves that the factor of delayed absorption of the dye does not account for the diminution in the quantity excreted during the intoxication. (Table III) Tables III and IV include four experiments in which the urea ratio and phenolsulfonephthalein elimination were determined before and again after injection of various doses of toxic proteose. In each case except that of Dog 18-59 a 1 hour control period preceded the injection of urea and in only one case, that of Dog 17-227, did this control hour come after the injection of the poison. The'data obtained for the fore-hour in the larger control period can be taken as a baseline from which to estimate more accurately the increase in the urea excreted per hour and in the blood urea due to the injection of urea alone. A comparison of these values with those obtained after the proteose injection shows the changes due to the proteose alone.
Dog-17-227
The decrease in the ratio in these experiments is very striking and is considerably greater than that found in the experiments presented in Table II in which no urea was injected. The reduction in the rate of phthalein elimination corresponds more nearly with the decrease in the urea-excreting power as measured by the methods used in the previous 'experiments. The apparent lowering of renal efficiency here as in the previous experiments corresponds in a general way with the intensity of the intoxication. An experiment is tabulated in Table V showing the effect of proteose intoxication upon the excretion of injected sodium chloride. After a preliminary fast of 3 days, Dog 18-59, a female adult, weighing 45 pounds, was given 5 gm. of sodium chloride dissolved in 150 cc. of distilled water intravenously. The hourly excretion of chlorides was then determined for 3 successive hours. The plasma chlorides and the urea ratio were also determined. The next day the animal received 120 cc. of a dilute toxic proteose solution intravenously and 1 hour and 50 minutes later 5 gin. of sodium chloride in 250 cc. of distilled water also intravenously, following which the chloride excretion, the plasma chlorides, and the urea ratio were determined.
Reference to the table shows that the total excretion of chlorides following the injection of the proteose was markedly reduced. The plasma chlorides show only an insignificant rise in the 2nd hour above the level in the corresponding hour of the previous day. The plasma chlorides were not determined for each hour as in the control period because the large amounts of fluid injected with the view of helping the animal to survive the intoxication doubtless diluted the plasma to such an extent that figures on the chloride content would be of little value as far as their throwing light upon the question of salt retention is concerned.
The urea ratio was determined as a check on the grade of intoxication and the degree of kidney functional impairment as measured by the change in this ratio. It will be seen that this was lowered to between one-third' and one-fourth of its normal value, which fact speaks for a very intense intoxication. However, the decrease in total chloride excretion over the period is much greater than is the decrease in the urea ratio. (Table VI) In Table VI are presented two experiments similar to that tabulated in Table V. Dog 19-29, a small female adult fox-terrier, weighing 13 pounds, after a preliminary fast of 3 days, received 5 gin. of sodium chloride in 200 cc. of distilled water intravenously Oct. 12. The chloride excretion was then determined for the next 24 hour period subdivided into the following periods: first 2 hours; second 2 hours; nest 4 hours; and finally the remainder of the 24 hours. The blood urea was determined for the first two subperiods merely to find the norreal level for comparison with the values to be obtained in the later experiment. The plasma chlorides were determined at the end of the 1st hour after salt injection and again the next morning near the end of the 24 hour period.
Dog 19-29
The animal was fed a mixed diet on Oct. 13 and 14, after which the food was withdrawn for a second preliminary fast of 3 days. On Oct. 18, at 10.10 a.m. 26 cc. of a toxic proteose preparation were injected intravenously and at 11.10 a.m., 5 gm. of sodium chloride in 250 cc. of distilled water were given intra-venously. The chloride excretion, plasma chlorides, and the blood urea were then followed over a 24 hour period subdivided as in the above control period.
The intoxication was very intense, the animal dying about 28 hours after the injection of the poison. The total excretion of chlorides was much reduced. The blood urea mounted to 93 mg. per 100 cc. of blood, even after some dilution by injected fluid. The plasma chloride is slightly higher at the end of the 1st hour after the salt injection and considerably higher near the end of the period than at corresponding times during the preliminary control period. •g.
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Remarks.
Moderate diuresis. (Table VI) was given intravenously 5 gm. of sodittm chloride dissolved in 250 cc. of distilled water containing 10 gm. of urea at 10.13 a.m., Oct. 6, after a preliminary fast of 3 days. The chloride excretion and the plasma chlorides were then determined for the next 24 hours divided into three subperiods; v/z., for the 1st hour after the salt injection; for the next 2 hours; and finally, for the remainder of the 24 hour period. Blood samples for the determinafion of the plasma chlorides were taken in the middle of each of the first two periods and near the end of the third.
The animal was then fed a mixed diet until Oct. 8, after which the food was withdrawn.
At 10 a.m., Oct. 11, 27 cc. of toxic proteose solution were injected intravenously.
At 12 m., 5 gm. of sodium chloride plus 10 gm. of urea dissolved ill 250 CC. of distilled water were given intravenously exactly as ill the control period. The chloride excretion and the plasma chlorides were then determined over a 24 hour period subdivided as for the control period.
The urea was injected merely as an added diuretic to insure a sufficient flow of urine.
Even in this mild intoxication there is seen to be a moderate retention of chlorides, more striking for the third subperiod than for the first two. The plasma chlorides for the second subperiod are slightly higher and the next morning considerably higher than at the corresponding times during the control period. Yet, the difference is small and may not be of great significance in comparison with the marked decrease in chloride excretion.
Table VII groups together the experiments on the effect of proteoses from miscellaneous sources upon the blood urea and the elimination of phenolsulfonephthalein. It will be seen from the figures presented that neither the blood urea nor the percentage of dye excreted is much disturbed by comparatively large doses of most of the products used. The various digests were tested at different stages, but, since the results were uniform from time to time, a few representative figures only are tabulated here. These are a unit as far as they go in showing no depression of the renal function.
Most of the products examined possess but slight toxicity as compared with the proteose preparation from the obstruction material. One only produced symptoms of intoxication, when injected intravenously in the dog, comparable with the latter material. This was obtained from a pepsin digest of muscle tissue which contained a rather luxuriant growth of bacteria, including some proteolytic anaerobes, which were able to grow under the thick layer of toluene intended to prevent bacterial growth. Besides a rich content of alcohol-soluble substances which resist heat at boiling temperature and which produce an anaphylactic-like reaction, this particular digestion mixture also contained an alcohol-insoluble substance or group of substances which gave rise to symptoms closely resembling those produced by an injection of the toxic proteose from the contents of an obstructed small intestine or a closed intestinal loop.
The small amount of this alcohol-precipitable material injected for the renal function study caused but a slight decrease in the pe~cent-age of dye eliminated, which itself may have been due in large part to extrarenal factors since none of the precautions taken in the majority of the experiments above (Tables I and II) against these was exercised in the case of the experiments presented in Table VII .
Too little is known as yet regarding the nature and the production of this toxic preparation to discuss it further here. It is being inves- 
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tigated from various angles at present, including a further study of its chemical properties and the bacterial flora concerned in its production. Table VIII shows the effect of a comparatively large dose of Witte's peptone solution on the urea ratio and the elimination of phenolsulfonephthalein. In order that the effect of the proteoses from this source might be compared with that of the toxic proteose obtained from the obstruction material, the determinations were made 2 hours after the peptone solution was injected, when the animal, therefore, had almost completely recovered from the effects of the injection. There is seen to be a slight increase in the blood urea and in the quantity of urea excreted per hour. In contrast to the observations made on the relation of the urea excreted per hour to the blood urea in the typical proteose intoxication, there is a slight rise in the ratio, which indicates a normal response on the part of the kidneys. The phthalein elimination is likewise normal.
DISCUSSION.
The outstanding fact presented in the foregoing tables is that the excretory function of the kidneys is decidedly impaired by the intravenous injection of the toxic material obtained from the contents of the obstructed small intestine.
Another interesting feature of these experiments is that the effect of the toxic substance on the excretory mechanism was found to be only temporary, in most instances disappearing soon after the animal had recovered completely from the intoxication. The suggestion made in the previous report that the degree of impairment of the renal function corresponds fairly closely with the grade of intoxication is further substantiated by these observations.
The demonstration of the latter points explains the observation (8) that the apex of the curve of nitrogen excretion occurs usually on the 2nd day following an injection of toxic proteose instead of on the 1st day when the blood non-protein nitrogen is at its highest level.
The experiments tabulated here likewise explain the enormous increase in the non-protein nitrogen of the blood sometimes observed after proteose injections as being due in part to the retention of this group of substances as well as to an increase in the rate of protein breakdown.
That delay in the absorption of the test dye during the period of intoxication plays no prominent part in the observed failure of the kidneys to eliminate this substance at the normal rate is clearly shown by the experiments presented in Table II in which the phthalein was injected directly into the blood stream. Since comparatively large amounts of fluid were administered during the period of observation following the proteose injections, it seems to us improbable that the factors of lowered blood pressure and concentration of the blood commonly observed in this condition can account for any large part of the temporary defect in the eliminative function.
Most of the other proteose preparations employed in this study fail to cause any appreciable impairment of the renal function as far as they were examined, although they give the same chemical tests given by the proteose material procured from the obstructed intestine. The initial depression of the blood pressure produced by these miscellaneous proteoses was in every case greater than that caused by injection of the obstruction material. Therefore, this factor can also be dismissed as having no important place in the explanation of the observed facts.
It is evident that all proteoses do not depress the renal function, although some which were tested by Chittenden, Mendel, and Henderson (12) were found to cause anuria without materially affecting the blood pressure and may well have temporarily disturbed the renal function.
We believe that it is more than a coincidence that this proteose mixture obtainable from the obstructed small intestine, but not from the normal intestine, can effect so pronounced a depression of the renal function. Furthermore, the acute intoxication of intestinal obstruction is accompanied by a similar depression of renal function which is likewise transient and capable of swift return to normal if the intoxication is relieved. This is strong evidence that substances resembling exactly those found in the obstructed intestine are wholly responsible for the general intoxication of intestinal obstruction.
There appears to be produced by these toxic substances a l~rimary injury of the secreting cells of the kidney itself which is responsible for the greater part of the impairment as was pointed out in the preceding communication (1) , although this injury is not demonstrable by the ordinary histological technique. As far as we are aware this is one of the first instances observed in which a marked kidney injury or impaired function has been demonstrated, followed very quickly by repair and a return to normal, associated with no trace of permanent injury. It seems probable that this type of injury might prove to be more serious ff superposed upon a kidney already diseased (chronic nephritis).
SUMMARY AND CONCLUSIONS.
The injection of the toxic proteose obtained from the contents of the obstructed small intestine causes a definite impairment of the ellminative function of the kidneys as shown by a decreased capacity to excrete urea, sodium chloride, and phenolsulfonephthalein.
This involvement of the renal function is similar to that shown by the preceding report (1) to accompany the intoxication of intestinal obstruction.
The observed depression of function is readily demonstrable even when large amounts of fluid and urea, dye, or salt are injected directly into the blood stream.
There is in all probability a temporary injury of the kidney cells, since the most important extrarenal factors have been largely eliminated in the above experiments.
There is no appreciable impairment of the renal function following the injection of a number of other proteose preparations from a variety of sources.
This study affords new evidence in favor of the view that the function of an organ can be profoundly disturbed for a time without any demonstrable anatomical lesions.
The repair of this type of injury promptly follows the disappearance of the intoxication and is functionally and anatomically perfect.
In conclusion the writers take pleasure in the acknowledgment of aid and cooperation on the part of Dr. H. M. Evans of the Department of Anatomy. Work on vital staining of the kidney and body tissues in conditions of proteose .intoxication was taken up by Mr. McQuarrie, working under the supervision of Dr. Evans.
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